The statistical analysis of forensic autopsies provides basic data for the postmortem investigation system and is the foundation of the statistics used in the analysis of the causes of death. A statistical analysis was performed on national forensic autopsy data collected in the Republic of Korea during 2015 to overcome regional limitations and limitations from the number of unusual deaths in the current forensic autopsy research. A total of 6,610 cases were categorized based on the region, requested Police Agency or Coast Guard, gender, age, manner of death, and cause of death. Analysis of the manner of death revealed that 3,326 cases (50.3%) were unnatural death, 2,754 cases (41.7%) were natural death, and 530 cases (8.0%) were of unknown. Of the 3,326 cases of unnatural death, the majority (1,275 cases, 38.3%) were accidents, 1,040 cases (31.3%) were suicide, 481 cases (14.5%) were homicide, and 530 cases (15.9%) were undetermined death. Among the unnatural death, the majority (1,330 cases, 40.0%) were trauma, followed by 588 cases (17.7%) of asphyxia and 566 cases (17.0%) of poisoning. Fall down were the major cause of death by trauma (538 cases, 40.5%). On the basis of a previous study, there were 588 cases of asphyxia; strangulation was the major cause, with 472 cases (80.3%). Of the 2,754 cases of natural death, heart disease was the major cause (1,417 cases, 51.5%), followed by vascular disease (503 cases, 18.3%).
Introduction
Forensic medicine is the study of researching, analyzing, and solving medical factors that pose legal problems. Thus, forensic medicine is a social medicine that contributes to individual rights, social safety, and social welfare. In the Republic of Korea, the prosecutor maintains the rights for postmortem investigations and requests a confiscation warrant for autopsy after postmortem inspections if necessary [1] . When the court grants a confiscation warrant, most forensic autopsies in Korea are performed by the National Forensic Service. The statistical analysis of forensic autopsy data provides basic information for the postmortem investigation system and is the foundation of the statistical analysis of the cause of death. As previous analyses of forensic autopsies had limitations to regions [2] [3] [4] [5] [6] , we studied nationwide statistical analysis on forensic autopsies performed in the Republic of Korea in 2015.
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Materials and Methods
A total of 6,610 forensic autopsies performed in Korea between January 1, 2015, and December 31, 2015, were analyzed; data from the National Statistical Office, the National Police Agency and the Coast Guard were used as a reference for the number of deaths and unusual deaths in Korea in 2015 [7] [8] [9] . Unusual death is a legal terminology used as a synonym for unnatural death; however, the number of unusual deaths was assumed to be the same as number of unusual deaths reported to the National Police Agency and the Coast Guard because the terminology includes any death, even natural death, requiring investigation based on its connection to a crime [1] .
First, the number of deaths, unusual deaths, and autopsies were categorized based on region and requested Police Agency or Coast Guard in each region. The cases were then classified based on victim gender and age (in 10-year increments). When it was difficult to confirm the age during the autopsy owing to the undefined identity or other reasons, the age was estimated based on appearance and forensic odontologic analysis and classified as "not identified" if the age could not be estimated because of some reasons, such as extensive carbonization.
The manners of death were classified as unnatural or natural during the autopsy by the most plausible conclusion from the medical examiner based on the details of the case and the results of the autopsy; when this classification was difficult, the case was classified as "unknown. " Unnatural deaths were classified as suicides, homicides, and accidents and as "undetermined" for the remaining cases that could not be classified. Unnatural deaths were divided into trauma, asphyxia, drowning, poisoning, thermal injury, electrocution, starvation/neglect, medical malpractice, and anaphylaxis in accordance with the traditional classifications.
Natural deaths were classified as deaths caused by diseases of the circulatory system (cardiac or vascular), respiratory system, or digestive system, as well as endocrine/nutritional/metabolic diseases, pregnancy/ childbirth/puerperium, and conditions in the perinatal period in accordance with the Korean Standard Classification of Diseases [10] ; causes rarely found in forensic autopsies, such as death caused by diseases of nervous system, certain infections, neoplasms, diseases of genitourinary system, and congenital malformations, were classified as "miscellaneous" disorders.
Cases in which the cause of death was difficult to define, such as sudden infant death syndrome and sudden manhood death syndrome, were classified as "ill-defined mortality" with an unknown cause of death. Children under 10 years of age were initially classified into the neonatal period (under 1 months of age, including stillborn infants), infancy (between 1 month and 1 year), preschool (2-5 years), pre-puberty (6-9 years), and reclassified based on the cause of death [11] . For diachronic analysis, the results from previous research with similar subjects and methods were compared to the results of the present study [4] [5] [6] .
Results

Autopsy rates
The total mortality in the Republic of Korea in 2015 was 275,895 cases [7] ; of these, 35,802 and 623 unusual deaths were reported to the National Policy Agency and the Coast Guard, respectively, making a total of 36,425 cases. Data from Sejong-si were incorporated with data from Chungcheongnam-do. Subtotals 1 and 2 indicate the numbers of unusual deaths and autopsies reported by the National Police Agency and the Coast Guard, respectively, which were summed as the Total (Table  1 ). The autopsy rates for total mortality and unusual death were 2.4% and 18.1%, respectively; the autopsy rates of unusual deaths reported from the National Police Agency and the Coast Guard were 17.6% and 47.5%, respectively. Among total mortality, Jeju-do had the highest autopsy rate (3.6%), followed by Gyeonggido (3.3%), Incheon (3.0%), and Gangwon-do (2.8%). The region with lowest autopsy rate for total mortality was Busan with 1.2%, followed by Daegu, Jeollabukdo, Gyeongsangbuk-do, and Gyeongsangnam-do with 1.5%. Among unusual death reported to each regional Police Agency and Coast Guard, the highest autopsy rate for unusual deaths was reported by the Coast Guard of Jeollabuk-do (65.2%), followed by the Incheon and Busan Coast Guards (64.7% and 53.7%, respectively).
The lowest autopsy rate for unusual death was reported by Daegu (11.2%), followed by Jeollabuk-do (11.4%) and Busan (11.5%). The Coast Guard from any region showed higher autopsy rates for unusual deaths than those of any regional Police Agency. The autopsy rate for unusual deaths reported from the National Police Agency was highest in Gyeonggi-do (24.5%), followed by Incheon (24.3%) and Seoul (23.3%).
Classification of the manners of death, age, and gender
Of 6,610 deaths with autopsies performed in 2015, 4,711 cases (71.3%) were male and 1,805 cases (27.3%) were female; thus, there were 2.6 times more male than female cases; in 94 cases (approximately 1.4%), the gender of the victim could not be determined. by suicide (1,040 cases, 31.3%) and homicide (481 cases, 14.5%). Undetermined deaths occurred in 530 cases, corresponding to 15.9% of the unnatural deaths. Analysis of unnatural deaths based on the manners of death revealed that men in their 50s had the highest number of deaths, while the primary causes of unnatural deaths among women in their 30s, 40s, and 50s were suicides, homicides, and accident plus undetermined deaths, respectively. More women than men died in their 10s and more 80s, and women showed relatively higher numbers of homicides than those of other unnatural deaths. The number of accidents and natural deaths were especially high among men in their 40s to 60s ( Table 2 ).
Classification of unnatural deaths
There were 3,326 unnatural deaths; the majority were trauma (1,330 cases, 40.0%), followed by asphyxia (588 cases, 17.7%) and poisoning (566 cases, 17.0%). Death by accident, asphyxia, drowning, poisoning, and thermal injury comprised 97.1% of the unnatural deaths. Thirteen cases were categorized as unnatural deaths despite the difficulty in determining the cause of death, corresponding to 0.4% of the total unnatural deaths ( Table 3) .
(1) Trauma Trauma was categorized as blunt force injury, sharp force injury, gunshot injury, traffic accident, fall down, and explosion. Blunt force injuries include not only weapons but also beating, burying, and primary and traumatic shock. Two deaths in which both blunt and sharp force trauma were identified were classified as "combined. " Of the 1,330 trauma cases, the majority were fall down (538 cases, 40.5%), followed by traffic accidents (250 cases, 18.8%) and blunt force trauma (235 deaths, 17.7%). There were 2.5 times more trauma cases in men than in women (Table 4 ). The 237 blunt force injury cases included two "combined" cases where blunt and sharp force injuries simultaneously affected the cause of death. The majority of the fatal sites were head injuries (109 cases, 46.0%), followed multiple (67 cases, 28.3%) and abdominal (27 cases 11.4%) injuries. (%) . Total number includes two cases of "combined" cause of death. TSH, traunatic shock; PSH, primary shock. (%) . Total number includes two cases of "combined" cause of death.
Among the manner of death, 160 cases (67.5%) were homicides, with no suicides. All 10 traumatic injury cases were homicides (Table 5 ). The 206 sharp force injuries included two "combined" causes of death; chest injuries were the majority of cases (56 cases, 27.2%), followed multiple injuries (53 cases, 25.7%) and neck injuries (44 cases, 21.4%). Among the types of death, the majority were homicides (154 cases, 74.8%); among injury sites, the chest and abdomen were the predominant sites for homicide and suicide cases, respectively (Table 6 ).
(2) Asphyxia Asphyxia was classified based on previous research [12] . Of the 588 asphyxia cases, strangulation was the most prevalent, with 472 cases (80.3%), followed by suffocation (86 cases, 14.6%). Among the 472 strangulation cases, hanging was most common (356 cases, 75.4%) followed by ligature strangulation (57 cases, 12.1%) and manual strangulation (56 cases, 11.9%). Of the manner of death among asphyxia cases, suicides comprised the majority (360 cases, 61.2%) mostly due to hanging (322 cases, 89.4%). There were more female deaths than male deaths for ligature strangulation, manual strangulation, smothering suffocation, and crushing asphyxia. Thirteen deaths (2.2%) were caused by "complicated asphyxia, " which has two mechanisms of asphyxia, while 10 cases were homicides ( Table 7) .
(3) Deaths due to poisoning Of 566 poisoning cases, carbon monoxide and therapeutic drug poisonings were the leading causes (150 cases, 26.5%) followed by agrochemical poisoning (98 cases, 17.3%) and ethanol poisoning (62 cases, 11.0%). Among the manner of death, the majority were suicides (400 cases, 70.7%), followed by accidents (125 cases, 22.1%). Most cases of alcohol poisoning were accidental, but there was one suicide case. Among homicides, there were three cases of agrochemical, two cases of carbon monoxide, and one case of cyanide poisoning. There were 27 cases (4.8%) of poisoning by hydrogen sulfide, tetrodotoxin, nicotine, and other unknown poisons and 21 cases (3.7%) of poisoning by multiple substances such as drugs and alcohol or drug and agrochemicals (Table 8) .
(4) Deaths due to thermal injury Among the 320 thermal injury deaths, fire was the leading cause (244 cases, 76.3%) followed by hypothermia (51 cases, 15.9%), burn (19 cases, 5.9%), and heat stroke (4 cases, 1.3%). Among the manner of death, the majority were accidents (224 cases, 70.0%) followed by undetermined death (56 cases, 17.5%), suicide (35 cases, 10.9%), and homicide (5 cases, 1.6%) ( Table 9 ).
Classifications of natural death
Among the 2,754 cases of natural death, heart disease was the leading cause (1,417 cases, 51.5%), followed (1) Deaths due to circulatory disorders Among the 1,417 cases of heart disease, ischemic heart disease was the major cause (953 cases, 67.3%), with 7.7 times more male than female cases. After ischemic heart disease, acute cardiac disorder was the second largest cause of death (399 cases, 28.2%), followed by myocardial disease (54 cases, 3.8%). Among 503 deaths caused by vascular disorders, cerebrovascular disorders were the most frequent cause (316 cases, 62.8%), followed by aortic disorders (80 cases, 15.9%), pulmonary vessel disorders (52 cases, 10.3%), and esophageal varices (51 cases, 10.1%). There were 1.9 times more female deaths due to pulmonary vessel disorders (Table 10) .
(2) Deaths due to diseases of respiratory and digestive system and endocrine/nutritional/ metabolic disorders Among 102 deaths caused by diseases of respiratory system, the majority were caused by pulmonary disorders (91 cases, 89.2%); among 149 deaths caused by diseases of digestive system, 78 cases (52.3%) were caused by liver disease, comprising more than half of the deaths. Among 231 deaths caused by endocrine/ nutritional/metabolic disorders, 166 cases (71.9%) were caused by chronic alcoholism and 43 cases (18.6%) were caused by diabetes (Table 10 ).
(3) Deaths during pregnancy/childbirth/ puerperium and the perinatal period There were seven deaths during the pregnancy/ delivery/puerperium period, including three cases of hemorrhage, three cases of embolism, and one case of chorioamnionitis. Among the 15 deaths due to conditions in the perinatal period, there were six cases of perinatal asphyxia and nine cases of other disorders including meconium aspiration syndrome (Table 10) .
(4) Ill-defined mortality The 56 deaths (27.3%) and 44 deaths (21.5%) from sudden infant death syndrome and sudden manhood death syndrome, respectively were classified as cases of natural death without confirmation of the exact cause of death such as exclusive diagnosis. There were 1.7 times more male cases of sudden infant death syndrome compared to cases in female infants, and all but one case of sudden manhood death syndrome were male. The other 105 deaths (51.2%) were classified as unknown cause of natural death (Table 10 ).
(5) Miscellaneous
For the miscellaneous causes of death among the cases of natural death, 24 deaths were caused by diseases of nervous system, 32 deaths were caused by certain infections, 33 deaths were caused by neoplasm, 10 deaths were caused by diseases of genitourinary system, 12 deaths were caused by congenital malformations, and 11 deaths were caused by other disorders including diseases of the musculoskeletal system and connective tissue, skin and subcutaneous tissue, and blood and blood-forming organs. Among diseases of nervous system, the majority were caused by epilepsy (15 cases, 62.5%); tuberculosis was the major cause of death among certain infections (21 cases, 65.6%). Among diseases caused by neoplasm, most deaths were caused by digestive neoplasm (14 cases, 42.4%), and the majority of congenital malformations were congenital heart disease (10 cases, 83.3%) (Table 11 ).
Deaths in children under 10 years of age
Among 221 deaths in children under 10 years of age, most were natural deaths (108 cases, 48.9%), followed by unnatural death (77 cases, 34.8%). Among the unnatural deaths, homicide was the leading cause (45 cases, 58.4%), followed by accidents (28 cases, 36.4%) and a case of suicide in a prepubertal boy (Table 12 ).
Unknown causes of death
There were 648 unusual deaths with unknown causes of death, which corresponded to 9.8% of the 6,610 autopsy cases. Unknown manner of death was most common (530 cases, 81.8%); 105 cases (16.2%) were categorized as natural deaths, but the exact cause of death could not be confirmed. Thirteen cases (2.0%) were categorized as unnatural deaths but the cause of death could not be specified. In most cases, the unknown cause of death was due to putrefaction (403 cases, 62.2%); however, 157 cases (24.3%) were difficult to specify the cause of death even though there was no Total  M  F  NI  M  F  NI  M  F  NI  M  F  NI  M  F  NI  Unnatural  7  12  0  8  9  0  12  10  0  11  8  0  38  39  0 (Table 13) .
Diachronic analysis
In 2015, there were 275,895 deaths, 36,425 unusual deaths, and 6,610 cases of forensic autopsy in Korea. Even though the comparison of yearly changes is difficult due to regional limitations and limitations due to the number of unusual deaths, the autopsy rate for total deaths increased from 1.9% and 1.8% in 2012 and 2013, respectively, to 2.1% and 2.4% in 2014 and 2015, respectively. The autopsy rate for unusual deaths increased from 13.5% in 2012 to 13.0%, 16.0%, and 18.1% in 2013, 2014, and 2015, respectively (Table  14) . Regionally, the autopsy rates steadily increased in Incheon, Gyeonggi-do, and Seoul. The autopsy rate in Gangwon-do increased significantly in 2015 as the number of autopsies greatly increased, although the numbers of total and unusual deaths were similar to those in 2014. In Gwangju, Daejeon, Chungcheongbukdo, and Chungcheongnam-do, the rates of unusual deaths among total deaths showed decreasing trends from 2012; however, the autopsy rates for total and unusual deaths showed increasing trends (Table 14) .
Despite the difficulties in comparing annual changes due to regional limitations and limitations associated with the number of unusual deaths, comparison of the rates for the causes of death from 2012 to 2015 revealed that the rates of death due to trauma and asphyxia showed increasing trends after previously decreasing; the rates of death due to drowning and thermal injuries showed decreasing trends after previously increasing, and the rates of death due to poisoning showed a steadily increasing trend among the cases of unnatural death. For natural deaths, the rates due to vascular disease steadily increased; similarly, the rates of death due to endocrine/nutritional/metabolic disease and "miscellaneous" disorders showed an increasing trend to 2014 and decreased in 2015. "Illdefined mortality" showed a decreasing trend until 2014 but increased in 2015 (Table 15) .
Discussion
Most autopsies performed in the Republic of Korea are forensic autopsies, and most forensic autopsies are performed at the National Forensic Service upon request from the National Police Agency and the Coast Guard. This research is especially meaningful as it combined data from all autopsies performed in Korea, including previously neglected regions, and added data from unusual deaths from the Coast Guard to data from the National Police Agency.
The autopsies performed in Korea comprised 2.4% of the total deaths and 18.1% of the unusual deaths, which is a very low rate [13] . As shown in reports on the differences in the causes and manners of death between postmortem inspections and autopsies [14] , and the report on the possibility of significant errors in the cause and manner of death even with forensic pathologists when autopsies are not performed [15] , the low autopsy rate is of great concern to public Values are presented as number (%) .
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health and postmortem investigation systems [16] . To improve the current situation, both a national effort for implementation of new policies for the postmortem investigation system as well as recognition of the necessity and understanding of forensic autopsies on an individual level are necessary. The autopsy rate in Gangwon-do increased significantly, which may be because the National Forensic Service relocated to Wonju, Gangwon-do in November 2013. A total of 35,802 unusual deaths were reported to the Police Agency; of these, 6,314 forensic autopsies were requested. In comparison, 623 unusual deaths were reported to the Coast Guard and 296 forensic autopsies were requested and performed. The autopsy rates were 17.6% and 47.5%, respectively. Even though the difference in total numbers is large, the requested autopsy rate for the Coast Guard was relatively high, likely owing to postmortem modifications, such as putrefaction and special circumstances related to marine accidents.
The 2015 forensic autopsy statistics differed significantly from the population demographics; there were 2.6 times more male than female cases and more female than male cases aged over 80 years (130 female vs. 100 male cases). More than half of the cases (60.9%) were between 30 and 50 years of age; more than half of the total cases (50.3%) were unnatural deaths.
On the basis of the statistics data on the causes of death from the National Statistical Office, 10 causes of death, including malignant neoplasm, heart disease, cerebrovascular disease, pneumonia, suicide, diabetes, chronic lower disease of respiratory system, liver disease, traffic accident, and hypertensive disease, comprised 10.4% of unnatural deaths [7] ; as shown in the present study, heart disease (1,417 cases, 21.4% of total autopsy cases) and trauma (1,330 cases, 20.1% of total autopsy cases) comprised 41.5% of the total autopsy cases. The following most common causes of death were asphyxia (588 cases, 8.9% of total autopsy cases), poisoning (566 cases, 8.6% of total autopsy cases), vascular disease including cerebrovascular disease (503 cases, 7.6% of total autopsy cases), drowning (427 cases, 6.5% of total autopsy cases), and thermal injuries (320 cases, 4.8% of total autopsy cases).
On the basis of statistical forensic autopsy data between 2012 and 2014, the leading cause of death was trauma, followed by heart disease; the number of autopsy cases for the deaths due to trauma was similar between years, whereas the number of autopsy cases for the death due to heart disease was increased. This observation may be affected by an increased number of autopsy requests to determine the cause of sudden deaths as well as an increased annual number of deaths due to heart disease, even though the study was concerned only with forensic autopsies. In this study, natural death was classified in accordance with the Korean Standard Classification of Disease [10] ; disorders such as subarachnoid and intraparenchymal hemorrhages were classified as cerebrovascular disease and categorized as deaths due to vascular system diseases; deaths due to pulmonary thromboembolism and esophageal varices were categorized as vascular system diseases. More than half (51.5%) of the natural deaths were due to heart disease, a rate identical to that of previous research; similarly, more than half (62.8%) of deaths due to vascular disease were caused by cerebrovascular disease. Chronic alcoholism was the leading cause (71.9%) of death due to endocrine/nutritional/metabolic diseases. The difference between statistical data for forensic autopsies and the normal causes of death may because sudden deaths due to the previously stated disorder are often targeted for forensic autopsy.
The results of the present study are representative of the postmortem investigation policy in Korea as the data are a nationwide statistical analysis of forensic autopsies based on the evaluations of the medical examiners who participated in the autopsies. This research could be used as foundational data to guide the future of the postmortem investigation system and a reference for improving social security and public health.
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